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(54) MATERIAL USEFUL AS ELECTRIC CONDUCTOR AND COMPRISING POLYACETYLENE OR 
SUBSTITUTED POLYACETYLENES INCORPORATED IN A MESOPOROUS SUPPORT, 
PRODUCTION PROCESS, AND CONDUCTORS MADE OF SAID MATERIAL 



(57) A material useful as an electrical conductor 
which comprises a conducting polymer incorporated in 
channels within a porous host, in which the polymer is 
polyacetylene or a polyacetylene derivative, in which the 
polymer is formed by polymerization of vapours of mon- 
omer acetylene, previously adsorbed in channels free 
of structure directing agent of the host, which provides 
an encapsulation to the polymer which protects the pol- 
ymer against oxidation by oxygen in the environment, 
being the host a modified mesoporous aluminosilicate 



which presents a mean pore diameter between 2 nm 
and 100 nm, such as a MCM-41 type hexagonal-phase 
aluminosilicate or a MCM-48 type cubic-phase alumino- 
silicate. 

A process is also described for the preparation of 
this material and conducting materials, for example 
electrodes for batteries and conducting surfaces, which 
comprise these materials. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

5 [0001] The present invention refers to electrical conducting organic polymers, particularly to conducting materials 
composed by an inorganic host and specifically to conducting materials in which the inorganic host incorporates an 
electrically conducting polymer. 

STATE OF THE ART PRIOR TO THE INVENTION 

10 

[0002] There are a series of organic polymers which under certain oxidation states exhibit a high electrical conduc- 
tivity and which, forthis reason, are called conducting organic polymers (Novak, Muller et al. "Electrochemically Active 
Polymers for Rechargeable Batteries'* (1997), Chem. Rev. 97:207-281). Although in such polymers the monomeric unit 
which repeats itself throughout the polymer can be very varied, structurally they have in common the presence of a 
is linear substructure of conjugated C=C double bonds. Among these conducting organic polymers, the most simple one, 
and for which a highest electrical conductivity has been described, includes polyacetylene and substituted polyacety- 
lenes which present the structural formula: 

20 



25 



and which is obtained from the polymerisation of alkine monomers with the structural formula: 

30 
35 

[0003] Where R 1 and R 2 are H or a substituent such as alkyl groups of less than four carbons (Me, Eth, Pr, i-Pr, Bu), 
phenyl groups with or without substituents at the para position (with groups such as Me, Eth, MeO, HO, etc), cyano 
group and methoxycarbonyl. 

[0004] The properties of the basic polyacetylene chain can be controlled by the presence of electron-donor or elec- 

40 tron-acceptor substituents. To this respect, the synthesis of substituted polyacetylenes from suitable polyacetylenes 
by using wolframium and molybdenum transition metals has been described (Masuda and Higashimura: "Polyacety- 
lenes with Substituents: Their Synthesis and Properties" (1987), Adv. Polym. Sci., 81 : 121-1 65). 
[0005] The existence of extended conjugation throughout the conducting polymer is not enough to provide polyacety- 
lene with a high electrical conductivity since in neutral state these materials behave as insulators. It is therefore nec- 

45 essary to proceed to the introduction of electrical charges (= doping) into the polymer, be it positive charges (= jd type 
doping) or negative (= n type doping). Conductivity manifests itself after a specific charge threshold. 
[0006] Although from a practical point of view, conducting organic polymers could be applied as substitutes of metallic 
conductors in printed circuits and as electrodes, their application in the industrial practice has been essentially limited 
due to two reasons: i) the difficulties in the synthesis of polyacetylene and its derivatives, and ii) the great instability of 

so polyacetylenes, particularly after being doped, which gives rise to their oxidative degradation in the presence of oxygen, 
which results in the destruction of the polyacetylene chain by reaction with molecular oxygen. This results in that 
polyacetylenes and their derivatives must be manipulated in inert gas atmosphere or under a vacuum, which consid- 
erably complicates the manufacture and handling of conducting elements which employ these materials. 
[0007] Materials which combine conducting organic polymers with mineral hosts have been described (Cox and 

55 Stucky: "Polymerization of Methylacetylene in Hydrogen Zeolites" (1 991 ), J. Phys. Chem., 95:710-720; Pereira, Koko- 
tailo et al.: "Acetylene Polymerization in a H-ZSM-5 Zeolite" (1 991), J. Mater. Chem., 3(8):867-872; Lewis, Millar et al.: 
"Trans-Polyacetylene on Sodium and Caesium Mordenites: A Resonance Raman Spectroscopic Study" (1 993), Chem. 
Mat, 5:1509-1517; Millar, Lewis et al: "Raman-Spectroscopic Study of the Formation of Polyacetylene within Zeolite 
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Channels" (1993), J. Mater. Chem., 3:867-872) obtained by the preparation of polyacetylene and polypropyne in the 
channels of microporous zeolites of medium pore size, that is, ZSM-5 Zeolite with elliptical channels of 0.54 x 0.56 
nm, and of greater pore size, i.e. mordenite with 0.74 nm mean diameter channels. 

[0008] The direct polymerization of pyrrole and thiophene to respectively give polypyrrole and polythiophene in the 
5 interior of the MCM-41 mesoporous aluminosilicate has also been described (Wu and Bein: "Conducting Carbon Wires 
in Ordered Nanometer-Sized Channels" (1994), Science, 266:705-709: Wu and Hein: "Conducting Polymer Wires in 
Mesopore Hosts" (1994), Stud. Surf. Sci. Catal. 84:2269-2276; Wu and Bein "Polyaniline wires in Oxidant-Containing 
Mesoporous Channel Hosts" (1994), Chem, Mater., 6(8): 1109-1112; McCann, Millar et al.: "Formation of Polypyrrole 
and Polythiophene within Cu 2+ Mordenite and H+ Mordenite Hosts Studied by EPR and UV-VIS Spectroscopy" (1995), 
10 J. Chem. Soc. Faraday Trans., 91(23): 4321-4328). 

[0009] The previously mentioned materials do not permit to obtain sufficiently high contents of conducting organic 
polymers in the inorganic hosts so as to find utility in industrial applications. Therefore, the inner volume available for 
polymerization in zeolites and mordenites is insufficient to manage to house amounts of conducting polymer greater 
than 10%, which in addition is achieved without obtaining polymers with sufficient purity. Additionally, the reduced size 
is of the pores of the microporous zeolite hosts does not allow the hosts to house organic polymers substituted with 
voluminous groups, such as for example phenyl (or other substituted phenyls of formula R-C 6 -H 4 where R can be an 
alkyl group of less than four carbons, as well as a methoxy or hydroxy group). 

[0010] On the other hand, polypyrrole and polythiophene polymers are structurally different from polyacetylene and 
its derivatives. 

20 

OBJECTS OF THE INVENTION 

[0011] The present invention has the object of providing materials useful as electrical conductors which comprise a 
host incorporating a conducting organic polymer, polyacetylene or polyacetylene derivatives, which protects the poly- 
ps mer from oxidation by oxygen in the environment, which are easy to manufacture and which are susceptible of con- 
taining the conducting polymer in a proportion sufficient to be able to take advantage if their conductive properties, 
and which permit the doping of the conducting polymer in a simple and effective manner. 
[0012] The invention also has the object of providing a process for the preparation of these materials. 
[0013] A further object of the invention is that of providing electrical conductors which incorporate the aforementioned 
30 materials. 

[0014] Other objects and advantages of the invention will become apparent in the description of the invention which 
will be exposed hereunder. 

DESCRIPTION OF THE INVENTION 

35 

[0015] The present invention refers to a material useful as an electrical conductor which comprises a conducting 
polymer incorporated in channels within a porous host, in which the polymer is polyacetylene or a polyacetylene de- 
rivative, in which the polymer is formed by polymerization of vapours of the acetylene monomer, previously adsorbed 
in channels free of host structure directing agent, with the host encapsulating the polymer in such a way as to protect 
40 the polymer from oxidation by ambient oxygen, and where the host is a modified mesoporous aluminosilicate which 
presents a mean pore diameter between 2 nm and 1 00 nm. 

[0016] In a preferred embodiment of the invention, the host is an aluminosilicate with a mean pore diameter of 3.2 
nm. In another preferred embodiment, the mean pore diameter of the host is 6.2 nm. 

[0017] Specially suitable hosts are those constituted by the MCM-41 type hexagonal-phase aluminosilicates or the 

45 MCM-48 type cubic-phase ones. 

[0018] In a preferred embodiment of the invention the aluminosilicate is modified by ion-exchange with transition 
metal ions, or by impregnation by the introduction of transition metal ions. Such metallic ions can be Fe 3 *, Cu 24 and, 
especially Ni 2+ ions. Fe(N0 3 ) 3 , Cu(AcO) 2 and Ni(AcO) 2 are particularly suitable sources of these ions. 
[0019] According to what has been stated above, the conducting organic polymers are polyacetylene and polyacet- 

50 ylenes substituted with, for example, methyl, phenyl, para -substituted phenyls, cyano and methoxycarbonyl. Said pol- 
ymers can be present in the neutral state and become activated, for the corresponding use, by adding positive charges 
consisting in a ^-doping or negative charges consisting in an n-doping. 

[0020] The invention also refers to a process for preparing the aforementioned materials, which consists in incorpo- 
rating a conducting polymer into channels within a porous host, in which the polymer is polyacetylene or a polyacetylene 
55 derivative, which process is described below. 

[0021] In a first stage, a host is selected constituted by a modified mesoporous aluminosilicate, which presents a 
mean pore diameter between 2 nm and 100 nm. According to what was stated above in relation to the description of 
the invention, aluminosilicates of the MCM-41 and MCM-48 types can be employed. These aluminosilicates can be 
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obtained by means of conventional methods basically consisting in a hydrothermal crystallisation of a mixture of silicate 
and aluminate gels in the presence of concentrated alkyltrimethylammonium type surfactant solutions (Beck, Vartuli, 
et al.: "A New Family of Mesoporous Molecular Sieves Prepared with Liquid Crystal Templates" (1992). J. Am. Chem. 
Soc., 114: 10834-10843; Behrens: "Mesoporous Inorganic Solids" (1993), Adv. Mater. 5: 127-132; Behrens and Haak: 

5 "Ordered Molecular Arrays as Templates: A New Approach to Synthesis of Mesoporous Materials" (1993), Angew. 
Che, Int. Ed. Engl., 32(5): 696-699). In these methods the length of the chain of the alkyl group of alkyltrimethylam- 
monium, concentration of the surfactant and the crystallisation time exert an influence upon the pore size of the final 
aluminosilicate. In a typical embodiment of these processes, a mixture of ketyltrimethylammonium bromide and te- 
tramethylammonium hydroxide (approximately 15% by weight) is used, which is maintained, without stirring, in an 

10 autoclave with a steel reactor coated with TEFLON at approximately 130°C, at autogenous pressure for 24 hours. 
Higher concentrations of the surfactant agent or longer crystallisation times usually lead to expanded mesoporous 
materials with a greater mean pore diameter. In order to obtain aluminosilicates useful in relation to the present inven- 
tion, the parameters of the method for preparing mesoporous aluminosilicates are chosen so that a suitable pore size 
is obtained, for example, between 2.5 and 6.2 nm, with Si/AI ratios of between <*> and 13 for example. 

15 [0022] To carry out the process of the invention, the structure directing agent usually present in the channels of the 
aluminosilicate must have been eliminated form the aluminosilicate. The elimination of the structure directing agent 
can be carried out by means of exhaustive extraction with a suitable solvent. Thus, when the structure directing agent, 
as is the case with aluminosilicates of the MCM-41 and MCM-48 types, is constituted by alkyltrimethylammonium 
cations, a suitable solvent is methanol. During the extraction, the degree of progress of the extraction is verified by 

20 combustion analysis (C and N). Alternately, the elimination of the structure directing agent present in the aluminosilicate 
can be carried out by means of controlled calcination in an oven using gentle temperature gradients up to 550°C, first 
under a nitrogen current and, in the final phase, under an air current. Both in the case of elimination by solvent extraction 
as in that employing controlled calcination, the operation is considered finished when the C content, measured by 
combustion analysis, is below 0.05% by weight compared with the initial value. Typically, aluminosilicates of the MCM- 

25 41 and MCM-48 types have an initial organic matter content of approximately 54% by weight. 

[0023] It must be taken into account that, as is well known, in a large number of mesoporous aluminosilicates, the 
elimination of the structure directing agent brings about the progressive collapse of the mesopores which can result 
in a complete collapse of the structure within a matter of months. Therefore, in mesoporous aluminosilicates of this 
type, it is convenient to use them as hosts in the manufacture of the materials of the present application before ap- 

30 proximately 1 5 days have elapsed after the elimination of the structure directing agent. 

[0024] After being stripped of the structure directing agent, in a first phase of the process, the aluminosilicate is 
subjected to dehydration. This dehydration can be carried out by heating the aluminosilicate to approximately 300° C 
at a vacuum pressure of approximately 1 0 -2 torr for 24 hours. 

[0025] In a second stage, a gaseous current of an acetylene containing monomer is prepared, such as for example 
35 acetylene or a substituted acetylene, conveniently treated to ensure it is free of impurities, moisture or other residual 
gases. 

[0026] In a third stage, a treatment is carried out consisting in the impregnation of the aluminosilicate with the mon- 
omer vapours, so that the aluminosilicate channels become filled with the monomers. Once these have become ad- 
sorbed in the aluminosilicate channels, the monomers polymerise. Conveniently, in order to obtain more uniform ma- 

40 terials, the aluminosilicate is magnetically stirred during impregnation with the vapours of the polymer. Although po- 
lymerization takes place to a certain extent, at room temperature, it is convenient to carry out this third stage at a 
temperature between 25 and 400°C in order to achieve maximal incorporation and polymerization of the polymers. 
Typically, this treatment is carried out in the vapour phase at ambient conditions or at a high vapour pressure, in a 
reactor, such as for instance a Schlenk type reactor, which contains the aluminosilicate. After finishing the treatment 

45 the reactor is emptied under a vacuum. This treatment can be repeated until the necessary degree of impregnation 
has been achieved, or until maximum impregnation has been achieved. In practice, maximum impregnation has been 
achieved by repeating the third stage for a total of three times. At the end of this third stage, the material comprised 
by the aluminosilicate and the polymer is allowed to cool down to room temperature. 

[0027] The reaction time has an influence upon the achieved polymerization degree. Thus, as the reaction proceeds, 
50 a change can be observed in the mesoporous aluminosilicate from a white initial colou ring towards a grey or to a black 
colour. Taking into consideration that polyacetylene is essentially black, the darkening degree of the impregnated host 
during the reaction is indicative of the polymerisation degree of acetylene into polyacetylene. 
[0028] In the case of commercial non-substituted acetylene, in order to eliminate acetone, moisture and other impu- 
rities that might be present, it is convenient to bubble the gas through a scrubber containing concentrated sulphuric 
55 acid, and subsequently through NaOH. 

[0029] According to what has been indicated above, the aluminosilicate is preferably modified by ion exchange with 

transition metal ions in an aqueous solution or by impregnation by the introduction of transition metal ions, 

[0030] The modification by ion-exchange is preferably carried out when the aluminosilicate contains Al in high 
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amounts and it basically consists in a treatment in which the aluminosilicate is contacted with a concentrated aqueous 
solution which contains some of the transition metals specified above. In a preferred embodiment of the invention, this 
solution is of Ni(AcO) 2 and typically at a concentration between 0.4-0.8 M, employing, for example, a solid/liquid ratio 
of approximately 1 :10. The contact time between the aluminosilicate and an aqueous solution of the type described 

5 above should be conveniently below 30 minutes in order to reduce to a minimum the negative influence of the solution 
upon the aluminosilicate structure. When higher exchange levels are desired, it is possible to again put the alumino- 
silicate into contact with a more concentrated solution, typically 1 M. This ion exchange treatment to modify the alumi- 
nosilicate can also be analogously applied when a transition metal ion different from Ni is chosen. 
[0031] On the other hand, when dealing with an aluminosilicate in which the Si/AI ratio is », its modification is pref- 

10 erably carried out by an impregnation treatment in which the aluminosilicate and the compound source (for example 
Fe(N0 3 ) 3 , Cu(AcO) 2 or, preferably Ni(AcO) 2 ) which contains the transition metal ion, in a ratio between 1 00:5 and 1 00: 
0.1 , are mechanically mixed, progressively heating the resulting mixture, preferably up to 300°C. 
[0032] It has been possible to demonstrate that the formation of the polymers in the aluminosilicate mesoporous 
host is especially effective when the aluminosilicate exhibits a high exchange degree. 

15 [0033] The final structure of the aluminosilicate exchanged with transition metal ions is characterised by a specific 
x-ray pattern indicative of its crystalline nature and by a certain isothermal gas adsorption capacity indicative of the 
mesoporous nature and of its surface area. It can usually be observed that the modification of aluminosilicates modified 
by ion exchange with transition metal ions, gives rise to a reduction in the crystall in ity values of up to over 40% and in 
surface area of up to over 10% with respect to the values corresponding to non-modified aluminosilicates. By way of 

20 example, the MCM-41 material with a pore size of 3.2 nm undergoes, after two successive exchanges with Ni(AcO) 2 , 
a 50% reduction in the number of 26 2.4° peak counts and a reduction in surface area (according to the BET algorithm) 
from an initial value of 850 m 2 /g to 700 m 2 /g. Even so, they still exhibit a high mesoporosity level and are ideal as hosts 
in the materials of the present invention. 

[0034] The rigid matrix of the aluminosilicate employed according to the invention contains active centres that act 
25 as catalytic centres of the polymerization process. After polymerization, the aluminosilicate channels are packed with 
the polymer chains and its inert inorganic walls act as protective sheaths. In this way, the tendency of the polymers 
towards decomposing is drastically reduced. This implies that these materials can be stored and processed in envi- 
ronments in which oxygen is present without any loss in their properties. 

[0035] The doping of the conductive materials of the present invention, that is, the oxidation or reduction of the 
30 polymers encapsulated within the mesoporous aluminosilicates, consists in charging the encapsulated polymer posi- 
tively by means of a ]>type doping or negatively by means of rvtype doping. Doping can be carried out by chemical or 
by electrochemical means. 

[0036] For the electrochemical doping of the materials of the present invention, modified electrodes are prepared by 
conventional methods, finally applying a positive electrical potential (forj>doping) or a negative electrical potential (for 
35 ivdoping). 

[0037] To obtain a chemically doped material of the p-type, the starting material consists of mesoporous aluminosil- 
icates exchanged with Cu 2+ since, after polymerization, Cu 2+ becomes reduced to Cu + , which in turn implies the oxi- 
dation of the polymer. Sn 4 * or other metallic ions that can undergo reduction after the formation of the polymer can 
also be used. 

40 [0038] On the other hand, in order to obtain a doped material of the rvtype, the starting materials are mesoporous 
aluminosilicates which contain Ni 2+ and which are subjected to a prior reduction under hydrogen current at approxi- 
mately 500°C. By means of this reduction, the transformation of Ni 2+ into Ni(0) is achieved, being it possible to visually 
appreciate this transformation by the progressive darken ing of the aluminosilicate which at the end becomes completely 
black. The aluminosilicate containing Ni(0) atoms must be stored and handled in an inert atmosphere in the absolute 

45 absence of moisture or oxygen. The polymerization of the monomers in Ni(0) based mesoporous aluminosilicate hosts 
is carried out following the process described above. 

[0039] The invention also refers to electrical conductors which comprise the materials described above. These con- 
ductors can be, for example, electrodes for batteries, especially lithium batteries, conducting surfaces for displays, 
conducting surfaces for luminous devices, and the like. 

so [0040] Typically, an electrode according to the invention is prepared by coating a conductive, inert, vitrified and pol- 
ished host, with a paste composed at least by a mixture of the conducting material, powdered graphite and paraffin 
with an agglutinating agent, for example in a ratio by weight between 80:15:5 and 10:85:5, and allowing the electrode 
so obtained to dry. In general, lower ratios of the polymer-containing aluminosilicate and greater ones of graphite, such 
as for example 50:40:10 remarkably decrease the resistivity of the paste. A preferred preparation of the invention 

55 employs a ratio between polymer-containing aluminosilicate: graphite:paraffin of 35:60:5. 

[0041] The conducting surfaces according to the invention are typically obtained from the deposition, on an inert 
conducting host, of a layer of a suspension of the polyacetylene-containing mesoporous host according to the invention 
in an organic solvent, such as for example acetone, adding, after allowing to air-dry, an aqueous solution, for example 
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at 10%, of polyvinyl alcohol. 

[0042] Conductors so prepared, be them in paste or layer form, are subjected to a positive electrical potential (for 
example +2,0 V, for p^doping) or to a negative electrical potential (for example - 1 ,7 V, for rvdoping), to respectively 
achieve the polymer oxidation or reduction, 
s [0043] The mesoporousaluminosilicates which are used in the preparation of the conductive materials of the present 
application, have the advantage of having an internal volume and an internal surface far greater to that of the zeolites 
and, therefore, permit the effective encapsulation of amounts greater than 30% of polyacetylene and polyacetylene 
derivatives, sufficient for a great part of industrial applications. 

10 DETAILED DESCRIPTION OF THE INVENTION 

[0044] The following examples will illustrate the invention in greater detail. 

Example 1: 

15 

[0045] The alkyltrimethylammonium ion content present as structure directing agent, was determined by solids com- 
bustion analysis of ten samples of mesoporous aluminosilicates of the MCM-41 type, with pore sizes of 3.2 nm and 
6.2 nm respectively, and mean particle sizes of 1 u.m. A content of approximately 55% by weight was detected. 
[0046] The samples were subjected to exhaustive conventional extraction, using methanol as a solvent to eliminate 
20 the structure directing agent, checking the progress of the elimination by C combustion analysis. 

[0047] Subsequently the Ni 2+ ions were introduced by successively contacting the solids with two 0.6 and 1 .0 M 
aqueous solutions of Ni(AcO) 2 for 20 minute periods. The final content of Ni 3 ~ was around 3% by weight for the 3.2 nm 
aluminosilicate and 0.5 for the 6.2 nm aluminosilicate. 

[0048] Subsequently the samples were subjected to dehydration by heating at 300°C at a pressure of 1 0 -2 torr for 
25 24 hours. 

Example 2: 

[0049] Five samples of MCM-41 with a mean pore size of 3.2 nm and another five samples of MCM-41 with a mean 
30 pore size of 6.2 nm were placed into independent vials of 5 ml of capacity which are hermetically attached to a Schlenk 
type reactor, provided with a drum which permits the simultaneous treatment of five samples at controlled temperature, 
into which commercial acetylene gas was introduced, which had previously been purified by bubbling through a con- 
tainer with concentrated sulphuric acid and subsequently through a second container with NaOH, at a pressure of 1 
atm and for a period of five minutes, and were subjected to different temperatures. Finally the reactor was effluxed to 
35 vacuum and the samples were allowed to cool at room temperature. This cycle was repeated three times. 

[0050] It was possible to observe that temperature exerted a crucial influence upon the polymerization of acetylene 
in the reactor. Therefore it was possible to quantitatively establish the amount of polymer formed by means of com- 
bustion analysis of the solid to determine the total C content of the obtained materials. The results of the analyses are 
shown in table I. 

40 



Table 1 : 



Effect of the reaction temperature upon the carbon content for the reaction of acetylene in the presence of 
mesoporous aluminosilicates. 




C Content (% by weight) 


Temperature (°C) 


MCM-41 (3.2 nm) 


MCM-48 (6.2 nm) 


Ambient 


5.88 


3.91 


90 


6.47 


5.94 


150 


26.39 


2.06 


225 


32.52 


27.51 


300 


51.65 


29.62 



[0051 ] According to what is shown by the values indicated in table I , the maximum content achieved for polyacetylene 
if 51%. This value is remarkable and allows applications such as the use of the material as electrodes in lithium batteries 
which demand a high content in the electroactive component. In fact, when the C content in the initial samples (54% 
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by weight of alkyltrimethylammonium) is compared with the value for 3.2 nm MCM-41 at a temperature of 300°C, it is 
possible to observe that most part of the mesoporous aluminosilicate channels, which were initially occupied by the 
structure directing agent, have been occupied by polyacetylene. 

[0052] According to the current knowledge of mesoporous materials, the maximum packing density of an organic 
5 host within the channels, corresponds to that of the structure directing agent. Accordingly, it is possible to conclude 
that by means of the process of the present invention, an almost complete filling of the internal spaces of the alumi- 
nosilicate was achieved, with an efficacy and packaging degree similar to that of the structure directing agent. 

Example 3: 

10 

[0053] The samples prepared according to example 2 were analysed with regard to the presence and purity of the 
polyacetylene synthesised within the interior of the mesoporous aluminosilicate. It was possible to establish that 

i) the FT-Raman spectra of the samples coincide with those described in the chemical literature (Lewis, Millar et 
*s al.: "Trans- Polyacetylene on Sodium and Cesium Mordenites: A Resonance Raman Spectroscopic Study" (1 993), 

Chem. Mat., 5:1509-1517; Millar, Lewis et al: "Raman -Spectroscopic Study of the Formation of Polyacetylene 
within Zeolite Channels" (1993), J. Mater. Chem., 3:867-872) for polyacetylenes, being the most characteristic 
absorptions in the bands of 1490 and 1110 cm* 1 ; 

ii) the UV/vis spectra obtained by diffuse reflectance coincide with those described (Cox and Stucky: "Polymeri- 
ze zation of Methylacetylene in Hydrogen Zeolites" (1991), J. Phys. Chem., 95:710-720; Pereira, Kokotailo et al.: 

"Acetylene Polymerization in a H-ZSM-5 Zeolite" (1991), J. Mater. Chem., 3(8) : 867-872) for the polyacetylenes 
and are characterised by absorption throughout the whole range of wavelengths, in which the extinction coefficient 
decreases progressively with the increase in wavelength; 

iii) in solids 13 C NMR spectroscopy signals appear which correspond to olefinic carbons between 150 and 100 
25 ppm, together with the signals characteristic of each constituent if any; 

iv) in X-ray photoelectronic spectroscopy (XPS) it is possible to confirm the presence, in the external surface, of 
carbon aluminosilicate particles with sp 2 hybridisation, which is indicative of the presence of polyacetylene; 

v) in mass spectroscopy using the fast atom bombardment method (PAB-MS) it is established that the maximum 
weight of the polymer situated in the outermost parts of the aluminosilicate particle is greater than 1200 dalton; 

30 vi) when the polymer content of the samples was established by thermogravimetry coupled with differential scan- 

ning calorimetry it was established that the encapsulated polyacetylenes are thermally stable up to a temperature 
of300°C. 

Example 4: 

35 

[0054] In order to obtain an electrode comprising 6.2 nm MCM-41 obtained according to example 2, for a lithium 
battery, the following process is carried out: 

[0055] 80g of aluminosilicate are mixed in a mortar with 15g of graphite powder and 5g of paraffin are added as 
agglutinant (commercialised by Aldrich under the name Nujol oil for spectroscopy) to obtain a paste which is deposited 

40 on a conveniently polished inert conducting host, and allowed to dry. 

[0056] The so formed electrode is subjected to +2.0V for a £-doping, or alternatively, to -1 .7V for an rvdoping, to 
achieve its complete oxidation or reduction, respectively. In the electrochemical process Pt is employed as ancillary 
electrode, and a saturated solution of calomel as reference electrode. Although the doping can be carried out in an 
aqueous medium, it can also be carried out in organic solvents such as acetonitrile and dimethylformamide. Among 

45 the supporting electrolytes that can be used in organic solvents it is possible to mention tetraethylammonium perchlo- 
rate, n-butylammonium hexafluorophosphate, whereas lithium or sodium perchlorate can be used in water. 

Example 5: 

so [0057] In order to obtain a conducting surface comprising 6.2 nm MCM-41 obtained according to example 2, a sus- 
pension of 1g of MCM-41 is prepared in 25 ml of acetone and is deposited over an inert conductive host. After air- 
drying, few drops of an aqueous solution of 1 0% polyvinyl alcohol are added. 

[0058] The so formed electrode is subjected to +2.0V for a p-doping, or alternatively, to -1.7V for an rvdoping, to 
achieve its complete oxidation or reduction, respectively. The electrochemical process is carried out using the same 
55 means and reagents as those described for example 3. 
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Claims 

1. A material useful as an electrical conductor comprising a conducting polymer incorporated in channels within a 
porous host, wherein the polymer is polyacetylene or a polyacetylene derivative, 

5 characterised in that 

the polymer is formed by polymerization of vapours of the acetylene monomer, previously adsorbed in chan- 
nels of the mesoporous material, free of host structure directing agent; 

the host encapsulates the polymer in such a way that the polymer is protected against oxidation by ambient 
oxygen; and 

10 the host is a modified mesoporous aluminosilicate which presents a mean pore diameter between 2 nm and 

100 nm. 

2. A host according to claim 1 , characterised in that the host is an aluminosilicate with a mean pore diameter of 3.2 
nm. 

15 

3. A host according to claim 1 , characterised in that the host is an aluminosilicate with a mean pore diameter of 6.2 

nm. 

4. A materia! according to claims 1 , 2 or 3, characterised in that it comprises an aluminosilicate host which incor- 
20 porates a polymer comprised by polyacetylene substituted with phenyl groups. 

5. A material according to any of claims 1 to 4, characterised in that the host is an hexagonal-phase aluminosilicate 
of the MCM-41 type. 

25 6. A material according to any of claims 1 to 4, characterised in that the host is a cubic-phase aluminosilicate of 
the MCM-48 type. 

7. A material according to any of claims 1 to 6, characterised in that the aluminosilicate has been modified by ion- 
exchange with transition metal ions. 

30 

8. A material according to any of claims 1 to 6, characterised in that the aluminosilicate has been modified by 
impregnation by means of the introduction of transition metal ions. 

9. A material according to claims 7 or 8, characterised in that the metal ions are Ni 2+ ions. 

35 

10. A material according to claim 9, characterised in that the transition metal ions originate from Ni(AcO) 2 . 

11 . A material according to claims 7 or 8, characterised in that the metal ions are Fe 3+ ions. 

40 12. A material according to claim 11 , characterised in that the Fe 3+ ions originate from Fe(N0 3 ) 3 . 

13. A material according to claims 7 or 8, characterised in that the metal ions are Cu 2+ ions. 

14. A material according to claim 13, characterised in that the transition metal ions originate from Cu(AcO) 2 . 

45 

15. A material according to claims 1 to 4, characterised in that the polymer exhibits a positive charge consisting in 
a ^doping. 

16. A material according to claims 1 to 4, characterised in that the polymer exhibits a negative charge consisting in 
50 anrvdoping. 

17. A process to prepare an electrically conductive material which comprises 

incorporating a conductive polymer into channels within a porous host, in which the polymer is polyacetylene 
or a polyacetylene derivative, 
55 characterised in that it comprises 

dehydrating a modified aluminosilicate not containing a structure directing agent in its channels; 
preparing a vapour of an acetylene monomer; 

performing at least one impregnation and polymerization phase which comprises incorporating the vapour 



8 



WEST 



EP 1 205 943 A2 

into the aluminosilicate channels, and subjecting the aluminosilicate with the monomers to polymerization by means 
of a thermal treatment at a temperature between 25 and 400°C; 

the host being a modified mesoporous aluminosilicate which presents a mean pore diameter between 2 nm 
and 100 nm. 

5 

18. A process according co claim 17, characterised in that the host is selected from a MCM-41 type hexagonal- 
phase aluminosilicate and a MCM-48 type cubic-phase aluminosilicate. 

19. A process according to any of claims 16 to 18, characterised in that the aluminosilicate is modified by ion-ex- 
10 change with transition metal ions in an aqueous solution prior to the polymerization phase. 

20. A process according to any of claims 1 6 to 1 8, characterised in that the aluminosilicate is modified by impregnation 
by means of the introduction of transition metal ions. 

is 21. A process according to claim 1 9 or 20, characterised in that the metal ions are selected from Ni 2+ , Fe 3+ and Cu 2+ 
ions. 

22. A process according tc claim 21 , characterised in that the Ni 2+ ions originate from Ni(AcO) 2 . 
20 23. A process according to claim 21 , characterised in that the Fe 2+ ions originate from Fe(N0 3 ) 3 . 

24. A process according to claim 21 , characterised in that the Cu 2+ ions originate from Cu(AcO) 2 . 

25. A process according to claim 17, characterised in that the encapsulated polymer is positively charged by means 
25 of a p^type doping. 

26. A process according to claim 1 7, characterised in that the encapsulated polymer is negatively charged by means 
of a rvtype doping. 

30 27. A process according to claims 25 or 26, characterised In that the doping is carried out electrochemically. 

28. A process according to claims 25 or 26, characterised in that the doping is carried out chemically. 

29. A process according to claim 17, characterised in that the impregnation and polymerization phase is repeated 
35 three times. 

30. A process according to claim 17, characterised in that the polymer is polyacetylene substituted with methyl, 
phenyl, para -substituted phenyls, cyano, methoxycarbonyl groups. 

40 31 . An electrical conductor characterised in that it comprises a material according to any of claims 1 -1 6. 

32. An electrical conductor characterised in that it comprises a material prepared according to the process according 
to any of claims 17-30. 

45 33. A conductor according to claims 31 or 32, characterised in that it is an electrode used in batteries, which comprises 
said material. 

34. A conductor according to claims 31 or 32, characterised in that it is a conductive surface for displays, which 
comprises said material. 

50 

35. A conductor according to claims 31 or 32, characterised in that it is a conductive surface for luminous devices, 
which comprises said material. 

36. A conductor according to claim 33, characterised in that it is an electrode in lithium batteries, which comprises 
55 said material. 

37. A conductor according to claims 33 or 36, characterised in that the electrode comprises 

an inert, vitrified and polished electrode 
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a coating of the inert electrode at least composed by a mixture of said material, powdered graphite and 
paraffin as an agglutinant. 

38. A conductor according to claim 37, characterised in that the coating contains said material, graphite and paraffin 
5 in a ratio by weight of 80:1 5:5. 

39. A conductor according to claims 34 or 35, characterised in that the conducting surface is a layer obtained by the 
deposition on a host of a suspension of said material on an organic solvent with an aqueous solution of polyvinyl 
alcohol. 

10 

40. A conductor according to claim 39, characterised in that the organic solvent is acetone. 

41. A conductor according to claim 39, characterised in that the aqueous solution of polyvinyl alcohol is a 10% 
solution. 

15 
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